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ABSTRACT 



In an image display method, each pixel belonging to one or 
more extraction areas with the lightness of the original 
image containing the pixel being contained in all lightness 
ranges set for the extraction areas is displayed in a first 
display color, each pixel belonging to one or more extraction 
areas with the lightness of the original image containing the 
pixel being out of all lightness ranges set for the extraction 
areas is displayed in a second display color, each pixel 
belonging to more than one extraction area with the light- 
ness of the original image containing the pixel being con- 
tained in any of the lightness ranges set for the extraction 
areas and out of any of the lightness ranges is displayed in 
a third display color, and each pixel not belonging to any 
extraction area is displayed in the display color of the 
original image containing the pixel. 

10 Claims, 11 Drawing Sheets 
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IMAGE DISPLAY METHOD, IMAGE cannot be grasped at a time. In the second image display 

PROCESSING SYSTEM, AND RECORDING method, the whole display image is displayed in the display 

MEDIUM color based on one lightness range, thus more than one 

lightness range cannot even be set. 

_ 5 Further, in the first image display method, the pixels not 

BACKGROUND OF THE INVENTION belonging to the extraction areaLLplayed in o£ color as 

1. Field of the Invention m we example given below, thus the positional relationship 
This invention relates to an image display method ^tween the whole display image and the image displayed in 

wherein to extract a pixel having a value concerning a 10 «*h extraction area cannot be grapsed clearly, 

predetermined lightness value contained in the lightness RG ?* 13 and 14 are schematic views to show a product 
range with a value concerning the predetermined lightness to inspected according to the conventional first image 
value as a threshold value in pixels making up an image, a display method. In FIG. 13, a rectangular label 90 with 

pixel having a value concerning the lightness value of the "ABC printed on the side of a rectangular parallelopiped 
image contained in the lightness range and a pixel having a s product 80 is put on the correct position at the center. In FIG. 

value concerning the lightness value out of the lightness 14 > mc kbel 90 is put in the vicinity of the upper end part 

range are displayed on a display unit in different display , of ^ of me product 80 

colors, thereby enabling inspection of measurement, Uthc product: 80 in FIG. 14 is inspected for the label 90 

collation, discrimination, and the like, of a displayed object according to the first image display method, binarization 

whose image is picked up, an image processing system for ^ processing display is produced only in the extraction area set 

executing the method, and a recording medium recording m lne position intended where the lable 90 is to be detected, 

therein a program for realizing the method. thus the product 80 cannot be inspected for the lable 90. In 

2. Description of the Related Art addition, in the first image display method, the pixel not 

a ri - • t , _ 4l , . - 4 . belonging to the extraction area is displayed in one color, 

Available is an image display method using binarization t T~ . . , ,. v. J , _ ' 

„ - r • , • . e ,„ Inus the cause cannot be grapsed obiectively as to whether 

processing for picking up an image of an object to be imaged 25 _ . tU ... , , * . J Aft . 7 " , V 

^ r~T~r ^*™Zu/ir . u - i or not the position where the label 90 is put is abnormal, 

such as an assembly or a part by an image pickup machine . ... r . r . 

using a CCD (charge coupled device), comp'aTgthe light- ^T n ^ h ?^^h o be detected is 

ness of each of pixels making up the picked-up imaged * bnorm ^ or ***** or not label **** 15 abnormal. 

a predetermined threshold value, and displaying the image Furthermore, m the first image display method, if a pixel 

on a screen of a display unit such as a liquid crystal monitor 30 ^longs to more than one extraction area, which extraction 

in white or black based on the cornparison result area the pixel is extracted based on the lightness range set for 

— . , , cannot be understood clearly and not at a time. 

The image display method using binarization processing „ . 

is capable of extracting and displaying the imagTtobc exanrole ' to ^ more man ODe extraction area at the 

extracted on which inspection of measurement, collation, J™ 6 ^ hon on a "MS* a differenl ^P*** 

discrimination, and the like, is to be performed from the 35 hgitness range for each of the extraction areas, classify the 

picked-up image of an object to be imaged by adjusting a J*?"* to extracted based on lhe value concerning the 

threshold value; the method can be applied to inspection of ^tness value, and perform various inspections, which 

the object to be imaged based on processing such as count- h ^ tDess ^ c me extracted P« el 15 contained in cannot be 

ing the pixels making up the image to be extracted. understood clearly and even if change is made to the 

The following two^of image display met*d for - ^fi^r^^ 

displaying an image undergoing binarization processing are ^ B 

available: SUMMARY OF THE INVENTION 

dJS^^Sl,^ mC ^„ PiCked UP '"S * h « therefore an object of the invention to provide an 

range is set wim cMter or bothof^e upper hn.it vXlmd ^ts can be grasped at a tone., an .mage processing system 

the lower limit value allowing the P S making up the k rCTealtu * the method, and a recordmgniedmm recording 

extract™ object to be extract as a threshold vaL Each ^ZITT" ^ ^ f Z • u. 

pixel belonging to the extraction area and having the image A °^ ding to a f the invention, there is 

lightness contained in the lightness range is delayed in 50 ™ UMge f^ 1 ^ mctbf * wherein to extract m 

white, each pixel belonging to the extraction area and having P™<=\ ™*mg "P f° a P lxel ha ™g » value concern- 

tbe image lightnessoutof the lightness range is delayed in m a ^l™ 55 ^ of *» ! ma * ! stained in a hghtness 

black, and each pixel notbetonging to thetxtacZ, area is ™& * ^"f concernmg a predetermined hghtness 

displayed in one color. value 35 a mreshold value, a pixel having a value concerning 

i .u c . • ,. , ... -i. . ss the hghtness value of the image contained in the lightness 

fa tte first u^e display method, if more than one and a ^ havin ^ a va t ue co^^g the uihtness 

extraction area >s set and the hghtoess range is set for each vaJu£ out ofme Ughtne S range are displayed on a display 

extraction area, when a pixel belongs to two or more % - jucc t , t - , *l \ 

_^ . . . , . , F , . ™&» w « unit in different display colors, the image display method 

extraction areas, it is displayed in the display color based on - - # . * r i t * c ^ ^ 

4 . TV J J . comprising the steps of: setting a plurality of extraction 

the lightness range set for any one of the extraction areas. ^ * ~r- . . « . . A . _? . , . ' . , t 

& J *- Jk " a *-""" *ut^K>. w areas to which the pixels to be extracted in the image belong; 

The second image cfasplay method is a method of display- setting lightness ranges in a one-to-one correspondence with 

mg each pixel in while or Mack based on one hghtness range the setup extraction areas, each lightness range for extracting 

for the whole display image. the pixels in the corresponding extraction area; displaying 

However, in the first image display method, the pixel each pixel belonging to one or more extraction areas with the 

belonging to two or more extraction areas is displayed in the 65 value concerning the lightness value of the image being 

display color based on the lightness range set for any one of contained in all hghtness ranges set for the extraction areas 

the extraction areas, thus more than one extraction result in a first display color; displaying each pixel belonging to 
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one or more extraction areas with the value concerning the extraction areas to which the pixels to be extracted in the 
lightness value of the image being out of all lightness ranges image belong; means for accepting setting of lightness 
set for the extraction areas in a second display color different ranges in a one-to-one correspondence with the setup extrac- 
firom the first display color, and displaying each pixel toon areas to extract the pixels from the corresponding 
belonging to more than one extraction area with the value 5 extraction area; means for displaying each pixel belonging 
concerning the lightness value of the image being contained to one or more extraction areas with the value concerning the 
in any of the lightness ranges set for the extraction areas and lightness value of the image being contained in all lightness 
out of any of the lightness ranges in a third display color ranges set for the extraction areas on the display unit in a first 
different from the first and second display colors. display color, means for displaying each pixel belonging to 

According to a second aspect of the invention, there is 10 one or more extraction areas with the value concerning the 
provided an image display method wherein to extract in lightness value of the image being out of all lightness ranges 
pixels making up an image, a pixel having a value concern- set for the extraction areas on the display unit in a second 
ing a lightness value of the image contained in a lightness display color different from the first display color, and 
range with a value concerning a predetermined lightness means for displaying each pixel belonging to more than one 
valueasatliiesrioMvalue,ap 15 extraction area with the value concerning the lightness value 
the lightness value of the image contained in the lightness of the image being contained in any of the lightness ranges 
range and a pixel having a value concerning the lightness set for the extraction areas and out of any of the lightness 
value out of the tightness range are displayed on a display ranges on the display unit in a third display color different 
unit in different display colors, the image display method from the first and second display colors, 
comprising the steps of: setting an extraction area to which ^ According to a fifth aspect of the invention, there is 
the pixels to be extracted in the image belong; and display- provided an image processing system wherein to extract in 
ing each pixel not belonging to the extraction area in a pixels making up an image, a pixel having a value concern- 
display color of the image. ing a lightness value of the image contained in a lightness 

According to a third aspect of the invention, there is range with a value concerning a predetermined lightness 
provided an image display method wherein to extract in 25 value as a threshold value, a pixel having a value concerning 

pixels making up an image, a pixel having a value concern- the lightness value of the image contained in the lightness 

ing a lightness value of the image contained in a lightness range and a pixel having a value concerning the lightness 

range with a value concerning a predetermined lightness value out of the lightness range are displayed on a display 

value as a threshold value, a pixel having a value concerning unit in different display colors, the image processing system 
the lightness value of the image contained in the lightness 30 comprising: means for accepting setting of an extraction 

range and a pixel having a value concerning the lightness area to which the pixels to be extracted in the image belong; 

value out of the tightness range are displayed on a display and means for displaying each pixel not belonging to the 

unit in different display colors, the image display method extraction area on the display unit in a display color of the 

comprising the steps of: setting a plurality of extraction image. 

areas to which the pixels to be extracted m the image belong; 35 According to a sixth aspect of the invention, there is 
setting lightness ranges in a one-to-one correspondence with provided an image processing system wherein to extract in 
the setup extraction areas, each lightness range for extracting pixels making up an image, a pixel having a value concern- 
the pixels m the corresponding extraction area; setting ing a lightness value of the image contained in a lightness 
extraction display colors in a one-tc>-6ne correspondence range with a value concerning a predetermined lightness 
with the setup extraction areas, each extraction display color 40 value as a threshold value, a pixel having a value concerning 
for displaying the pixels extracted in the corresponding the lightness value of the image contained in the lightness 
extraction area; displaying each pixel belonging to one or range and a pixel having a value concerning the lightness 
more extraction areas with the value concerning the light- value out of the lightness range are displayed on a display 
ness value of the image being contained only in the tightness unit in different display colors, the image processing system 
range set for one of the extraction areas in an extraction 45 comprising: means for accepting setting of a plurality of 
display color corresponding to the extraction area; display- extraction areas to which the pixels to be extracted in the 
ing each pixel belonging to one or more extraction areas image belong; means for accepting setting of lightness 
with the value concerning the tightness value of the image ranges in a one-to-one,correspondence with the setup extrac- 
ting out of all lightness ranges set for the extraction areas tion areas to extract the pixels from the corresponding 
in a non-extraction display color different from all extraction 50 extraction area; means for accepting setting of extraction 
display colors; and displaying each pixel belonging to more display colors in a one-to-one correspondence with the setup 
than one extraction area with the value concerning the extraction areas to display the pixels extracted in the corre- 
ctness vafue of trie image being contained in the lightness sponding extraction area; meansfor displaying each pixel 
ranges set for two or more of the extraction areas in a belonging to one or more extraction areas with the value 
common extraction display color different from all extrac- 55 concerning the tightness value of the image being contained 
tion display colors and the non-extraction display color. only in the lightness range set for one of the extraction areas 
According to a fourth aspect of the invention, there is on the display unit in an extraction display color correspond- 
provided an image processing system wherein to extract in ing to the extraction area; means for displaying each pixel 
pixels making up an image, a pixel having a value concern- belonging to one or more extraction areas with the value 
ing a lightness value of the image contained in a lightness 60 concerning the lightness value of the image being out of all 
range with a value concerning a predetermined lightness tightness ranges set for the extraction areas on the display 
value as a threshold value, a pixel having a value concerning unit in a non-extraction display color different from all 
the lightness value of the image contained in the lightness extraction display colors; and means for displaying each 
range and a pixel having a value concerning the lightness pixel belonging to more than one extraction area with the 
value out of the tightness range are displayed on a display 65 value concerning the lightness value of the image being 
unit in different display colors, the image processing system contained in the lightness ranges set for two or more of the 
comprising: means for accepting setting of a plurality of extraction areas on the display unit in a common extraction 
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display color different from all extraction display colors and the image of the pixel is contained in all lightness ranges as 

the non-extraction display color a result of comparing the value concerning the lightness 

According to a seventh aspect of the invention, there is value of the image of the pixel with the threshold value of 

provided an image processing system wherein to extract in the lightness range corresponding to each extraction area to 

pixels making up an image, a pixel having a value concern- 5 which the pixel belongs; sixth program code means for 

ing a lightness value of the image contained in a lightness causing the computer to determine the display color of the 

range with a value concerning a predetermined lightness pixel to be a second display color different from the first 

value as a threshold value, a pixel having a value concerning display color if it is determined that the value concerning the 

the lightness value of the image contained in the lightness lightness value of the image of the pixel is out of all lightness 

range and a pixel having a value concerning the lightness 10 rangps ^ a result of comparing the value concerning the 

value out of the lightness range are displayed on a display h gbtness value of the image of the pixel with the threshold 

unit in different display colors, the image processing system va ^ °fthe ^tness range corresponding to each extraction 

comprising; means for accepting setting of a plurality of to ^ P" el belon ^ ™ d ^ en * P"*™?. 

- *\- * . ... Tl - & . ~r . . ■ . means for causing the computer to determine the display 

extraction areas to which the pixels to be extracted m the ^ of ^ ^ ^ a ^ ^ ^ mctc ^ol 

image belong; means for accepting setting of lightness 15 ^ ^ second display colorsif it is determined that the 

ranges in a one-to-one correspondence with the setup extrac- vaIue concerning the lightness value of the image of the 

uon areas to extract the pixels from the corresponding pixel ^ contained in any lightness range and is out of any 

extraction area; determination means for determining lightness range as a result of comparing the value coocern- 

whether or not a pixel belongs to any extraction area; ing the lightness value of the image of the pixel with the 

comparison means, if the determination means determines 20 threshold value of the lightness range corresponding to each 

that the pixel belongs to any extraction area, for comparing extraction area to which the pixel belongs, 

the value c»rjcerning the tightness value of the image of the In the first, fourth, seventh, and eighth aspects of the 

pixel with a threshold value of the lightness range cone- invention, in pixels each belonging to a plurality of extrac- 

spending to each extraction area to which the pixel belongs; tion areas, a pixel having a value concerning the lightness 

means for displaying the pixel on the display unit in a first 25 value of the image containing the pixel being contained in 

display color if the comparison means determines that the any of the lightness ranges set for the extraction areas and 

value concerning the lightness value of the image of the being out of any of the lightness ranges is displayed in the 

pixel is contained in all lightness ranges; means for display- third display color different from the first and second display 

ing the pixel on the display unit in a second display color colors. 

different from the first display color if the comparison means 30 Thus, for example, if a pixel which belongs to two 

determines that the value concerning the lightness value of extraction areas has a value concerning the lightness value 

the image of the pixel is out of all lightness ranges; and of the image containing the pixel contained in the lightness 

means for displaying the pixel on the display unit in a third ranges set for the two extraction areas, it is displayed in 

display color different from the first and second display white; if the pixel has a value concerning the lightness value 

colors if the comparison means determines that the value 35 of the image containing the pixel out of the lightness ranges 

concerning the lightness value of the image of the pixel is set for the two extraction areas, it is displayed in black; and 

contained in any lightness range and is out of any lightness if the pixel has a value concerning the lightness value of the 

range. image containing the pixel contained in one lightness range 

According to ah eighth aspect of the invention, there is out of the other lightness range, it is displayed in gray, 

provided a computer-readable recording medium recording 40 whereby the extraction results in the two extraction areas 

therein a computer program for causing a computer to caD grasped at a tine. 

determine a display color of an image, to extract in pixels In the second and fifth aspects of the invention, each pixel 

making up the image, a pixel having a value concerning a not belonging to any extraction area is displayed in the 

lightness value of the image contained in a lightness range display color of the image containing the pixel, whereby the 

with a value concerning a predetermined tightness value as 45 positional relationship between the whole display image and 

a threshold value, for displaying a pixel having a value the image displayed in the extraction area can be grasped 

concerning the lightness value of the image contained in the clearly. 

lightness range and a pixel having a value concerning the In the third and sixth aspects of the invention, each pixel 

lightness value out of the lightness range on a display unit having a value concerning the tightness value of the image 

in different display colors, the computer program compris- 50 containing the pixel contained in the tightness range set for 

ing: first program code means for r*wang the computer to an extraction area is displayed in the extraction display color 

accept setting of a plurality of extraction areas to which the corresponding to the extraction area, thereby providing the 

' pixels to be extracted in the image belong; second program ~ image display method arid the- image 'processing system • 

code means for causing the computer to accept setting of whereby which extraction area a pixel belonging to more 

lightness ranges in a one-to-one correspondence with the 55 than one extraction area is extracted based on the lightness 

setup extraction areas to extract the pixets-from the cone- range set for can be understood clearly and at a time, 

spending extraction area; third rm*ram .code means for BRIEF DESCRIPTION OF THE DRAWINGS 
causing the computer to detenmne whether or not a pixel 

belongs to any extraction area; fourth program code means, 111 accompanying drawings: 

if it is determined that the pixel belongs to any extraction 60 HG. 1 is a block diagram to show the configuration of an 

area, for causing the computer to compare the value con- image processing system in a first embodiment of the 

cerning the lightness value of the image of the pixel with a invention; 

threshold value of the lightness range corresponding to each FIG. 2 is a schematic diagram to show the relationship 

extraction area to which the pixel belongs; fifth program between lightness ranges and display colors; 

code means for causing the computer to determine the 65 FIG. 3 is a flowchart to show the processing contents of 

display color of the pixel to be a first display color if it is the image processing system in the first embodiment of the 

determined that the value concerning the tightness value of invention; 
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FIG. 4 is a flowchart to show the processing contents of The image output controller 6 combines an extraction area 

the image processing system in the first embodiment of the and a display element such as a character, with a video signal 

invention; into which the digital image signal received from the image 

FIG. 5 is a schematic view to show a display image in the signal selector 3 is converted, to generate an output video 

image processing system in the first embodiment of the 5 signal and sends the generated output video signal to a D/A 

invention; (digital-analog) converter 7, which then converts the output 

FIG. 6 is a schematic view to show another display image video signal into an analog image signal and sends the 

in the image processing system in the first embodiment of analog image signal to a display unit 8 such as a liquid 

the invention; crystal monitor, which then outputs the analog image signal 

FIG. 7 is a schematic view to show still another display 10 ^ a ^ky image, 

image in the image processing system in the first embodi- The main controller 4 transfers data concerning an extrac- 

ment of the invention; ti° n 4118 to from a window memory 9 for storing an area 

FIG. 8 is a schematic diagram applied for realizing the where me extraction area is set. 

image processing system of the invention on a general- Further, the mam controller 4 is connected via a control 

purpose computer; bus to a CPU (central processing unit) 10 for controlling the 

FIG. 9 is a block diagram to show the configuration of an 15 whole . image P™*f*n& system, and the CPU 10 receives 

image processing system in a second embodiment of the ^™ S^tl^ZT T*' V * r J* 1 *™^ 

invention; operation of setting an extraction area and a lightness range 

x?wg~* in a 1. _ 1- . <. and the like and performs various types of processing 

FIG. 10 is a flowchart to show the processing contents of accordingly. 

the image processing system in the second embodiment of 20 The CPU 10 comprises a volatile memory for recording 

the invention; temporary data occurring during processing of the CPU 10 

FIG. 11 is a flowchart to show the processing contents of and information concerning the setup lightness range, and 

the image processing system in the second embodiment of the like. 

the invention; Each of the comparators 12, 12, . . . receives the digital 

FIG. 12 is a schematic view to show a display image in 25 image signal from the image signal selector 3 and deter- 

the image processing system in the second embodiment of mines whether or not each of the pixels making up the 

the invention; original image indicated by the digital image signal is a pixel 

FIG. 13 is a schematic view to show a product to be belonging to the extraction area stored in the window 

inspected according to a conventional first display method; memory 9. For the pixel belonging to the extraction area, the 

and 30 comparator 12 compares the lightness of the original image 

FIG. 14 is a schematic view to show the product to be ^ either or both of the upper limit threshold value and 

inspected according to the conventional first display method. lower limit threshold value of the lightness range set through 

DETAILED DESCRIPTION OF THE ^S^J!^^^ ^J^£T^ nH 

PRFFFRRFn FMRnniMFtm comparators 12, 12, make determination and 

PREFERRED EMBODIMENTS 35 comparison corresponding to different extraction areas and 

Referring now to the accompanying drawings, there are lightness ranges. Thus, for example, if eight comparators 12, 

shown preferred embodiments of the invention. 12, ... are provided, a maximum of eight extraction areas 

First Embodiment: can be set and lightness ranges can be set in a one-to-one 

FIG. 1 is a block diagram to show the configuration of an correspondence with the extraction areas. ' " 

image processing system in a first embodiment of the 40 Each comparator 12, 12, . . . adds the determination and 

invention. In the figure, reference numeral 1 denotes an comparison results as to each pixel to the digital signal to 

image pickup machine using a CCD for picking up an image generate an extraction image signal and sends the generated 

of an object to be imaged. The image pickup machine 1 extraction image signal to a combiner 13 for combining the 

sends an analog image signal indicating an original image as extraction image signals from the comparators 12, 12, . . . 

a picked-up image to an A/D (analog-digital) converter 2. 45 and determining the display color to be output. 

The A/D converter 2 converts the analog image signal The combiner 13 receives the extraction image signals 

received from the image pickup machine 1 into a digital from the comparators 12, 12, . . . and performs operation for 

image signal and sends the digital image signal to an image deternuning the display color to be output from each cor- 

signal selector 3. responding pixel of each extraction image signal. 

The image signal selector 3 receives a control signal 50 According to the operation result, the combiner 13 sends 

giving an instruction for transferring the digital image signal data indicating the pixel not belonging to any extraction area 

from a main controller 4, sends the digital image signal to a in all extraction image signals to the image generator 15. 

memory 5 for temporarily storing the digital image signal, For the pixel belonging to any extraction area^the xom-~ 

reads the digital image signal from the memory 5, and biner 13 compares the lightness of the original image with 

selects either an image output controller 6 for converting the 55 either or both of the upper limit threshold vahie and lower 

digital image signal into a video signal or a plurality of limit threshold value of the lightness ranges set in all 

comparators 12, 12, ... for comparing the lightness of the extraction areas containing the pixel. If the lightness of the 

original image indicated by the digital image signal with original image is contained in all lightness ranges, the 

either or both of the upper limit threshold value and lower combiner 13 sends data indicating the pixel to a first display 

limit threshold value of a lightness range, then sends the 60 color setting device 14a for setting a display color; if the 

digital ima^ signal to the selected image output controller tightness of the original image is out of all lightness ranges, 

6 or comparators 12, 12, ... . the combiner 13 sends data indicating the pixel to a second 

Also, the image signal selector 3 receives a control signal display color setting device 14b. 

and sends a digital image signal sent from an image gen- If the lightness of the original image is contained in any 

erator 15 for generating the digital image signal undergoing 65 lightness range and is out of any lightness range, the 

processing of binarization, and the like, to the image output combiner 13 sends data indicating the pixel to a third display 

controller 6. color setting device 14c. 
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Hie first, second, and third display color setting devices all pixels of the lightness higher than the lower limit 

14a, 146, and 14c set the display colors of the data indicating threshold value can be displayed in the first display color, 
the pixel sent from the combiner 13 to predetermined Next, an image display method in the first embodiment of 

display colors for the display color setting devices and send the invention will be described with reference to FIGS. 3 and 
the display colors to the image generator 15. s 4 which are flowcharts to show the processing contents of 

The predetermined display color is based on a control me image processing system. 

signal sent from the main controller 4. For example, to pirst > original image provided by the image pickup 

output a display image at 256 levels of gray (monochrome), machine 1 picking up an image of an object to be imaged is 

as the display color, white is set for the data indicating the out P ut ^ a . <fc*>lay image on the display unit 8 at step S101. 

pixel sent to the first display color setting device 14a black 10 ^ extraction area is set as an area surrounding an extraction 

is set for the data iiioicating the pixel sent to the second b 4 ase l 0 ° ai1 operation signa] I input from the input unit 

display color setting device 146, and gray (halftone of white U !^ "* ^o^f ' C ° m ~ 

and black) isset for the data indicating the pixel sent to the * ***** artnct ~ * StCp 

third display color setting device 14c ^os* *° "f^ 0 ? *™ * ^ Y ^ 

™r j a ..... * posed on the display image output on the display unit 8 is 

Ihe image generator 15 generates a digital image signal is operated throu^the inpuTunit U for sr*cifying any desired 
processed so as to d^play the pixel not belonging to the ^on. To set the lightness range, either or bom of the 
extraction area in the display color of the original image and upper limit value and lower limit value of the lightnessof the 
the pixel belonging to the extraction area in white, black, or pixel to be extracted are specified as either or both of the 
gray in response to the lightness of the original image based upper limit threshold value and lower limit threshold value 
on the pixel indicating data sent from the combiner 13 and 20 of the lightness range. The threshold values can also be 
the first, second, and third display color setting devices 14a, specified by entering numeric values; the pointer can also be 
146, and 14c, and sends the generated digital image signal operated to select the pixel displayed in any desired light- 
to the image signal selector 3 to output a display image on ness as the threshold values from among the pixels on the 
the display unit 8. display image. 

If an operation signal for selecting a display method is 25 To set an additional extraction area (YES at step S104), 

input from the input unit 11, the current display method can control returns to step S102 at which the extraction area is 

be changed in response to a control signal sent from the main set, then a lightness range is set corresponding to the 

controller 4 based on the operation signal. For example, if extraction area at step S103. In this manner, the operations 

one extraction area is selected and a display method for at steps S102 to S104 are repeated, so that more than one 

display of the comparison result in the extraction area to take 30 extraction area can be set and lightness ranges can be set for 

precedence over any other display, for the pixel belonging to the respective extraction areas. 

the extraction area of the extraction image signal sent from Upon completion of setting the extraction area and the 

the comparator 12 corresponding to the selected extraction Kghtness range (NO at step S104), an image display method 

area, processing of the combiner 13 is changed so as to send is requested to be selected. Then, an image display method 

the data indicating the pixel to the first display color setting 35 is selected based on an operation signal input from the input 

device 14a or the second display color setting device 146 unit 11 at step S105, the display color of each pixel is set in 

according only to the comparison result of the comparator response to the selected display method at step S106, and an 

12- image based on the setup display colors is displayed at step 

FIG. 2 is a scbematic diagram to show the relationship S107. 

between lightness ranges and display colors. A first upper 40 At step S106, the display color set for each pixel is 

limit threshold value and a first lower limit threshold value determined. For example, the display color to be set if 

are set as the upper limit threshold value and lower limit normal binarization display in: which the extraction result of 

threshold value of a first lightness range set in a first a specific extraction area does riot take precedence over the 

extraction area, a second upper limit threshold value and a extraction result of any other extraction area is determined 

second lower limit threshold value are set as the upper limit 45 as follows: 

threshold value and lower limit threshold value of a second Whether or not a given pixel belongs to an extraction area 

lightness range set in a second extraction area, and the first is determined at step S201. If it is determined that the pixel 

upper limit threshold value, the second upper limit threshold belongs to the extraction area (YES at step S201), either or 

value, the first lower hmil threshold value, and the second both of the upper limit threshold values and lower limit 

lower limit threshold vahie are in the descending order. so threshold values of the lightness ranges set for all extraction 

At this time, each pixel of the lightness higher than the areas to which the pixel belongs are compared with the 

first lower limit threshold value and lower than the second lightness of the original image of the pixel at step S2Q2. 

upper-liniit-thre and- If the^lightness of the original image of- the' pixel" is 

second lightness ranges and thus is displayed in a first compared with the threshold values of the lightness ranges 

display color, and each pixel of the lightness higher than the 55 and it is determined that the lightness of the original image 

first upper limit threshold value and lower than the second is contained in all lightness ranges (1 at step S202), the 

lower limit threshold value is out of the lightness ranges and display color of the pixel is determined to be the first display 

thus is displayed in a second display color. Each pixel of the color at step S204. 

lightness lower than the first upper limit threshold value and At step S2Q2, if it is detennined that the lightness of the 

higher than the second upper limit threshold vahie and each 60 original image is out of all lightness ranges (2 at step S202), 

pixel of the tightness lower than the first lower limit thresh- the display color of the pixel is determined to be the second' 

old value and higher than the second lower limit threshold display color at step S205. 

value belong to one lightness range and are out of the other At step S202, if it is determined that the lightness of the 

lightness range and thus are displayed in a third display original image is contained in any lightness range and is out 

color - 65 of any lightness range (3 at step S202), the display color of 

For the lightness range, only one threshold value, for the pixel is determined to be the third display color at step 

example, only the lower limit threshold vahie can be set and S206. 
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At step S201, if it is determined that the pixel does not Further, input units 63 such as a keyboard and a mouse, 

belong to any extraction area (NO at step S201X the display an image pickup machine 64 such as a CCD camera, and a 

color of Ae pixel is detennined to be the display color of the display unit 65 such as a liquid crystal monitor are also 

original image at step S203. connected to the image processing system 60. 

The following types of display method are available: 5 The program code of the computer program PG read from 

Original image display for displaying the original image as the recording medium 70 through the external storage unit 

it is, normal binarization display for displaying each pixel in 62 is recorded, for example, on the hard disk unit 61. When 

the setup extraction area in the first, second, or third display the computer program PG is executed, the program code is 

color in response to the extraction result, selective binariza- read from the hard disk unit 61 and is transferred to storage 

tion display wherein for each pixel belonging to the extrac- means such as an RAM (random-access memory)(not 

tion area selected in an image displayed in a normal bina- shown) for execution. However, the program code of the 

nzation display mode, the extraction result in the extraction computer program PG can also be read from the recording 

area takes precedence over any other extraction result, and medium 70 and be directly executed, 

the like. The display method can be changed as required. The image processing system 60 operates according to the 

FIGS. 5 to 7 are schematic views to show display images flowcharts of FIGS. 3 and 4 by the program code of the 
in the image processing system in the first embodiment of 15 computer program PG recorded on the recording medium 70 

the invention. of the invention. 

FIG. 5 shows a display image applied when the original Second Embodiment: 

image display is selected. In the figure, reference numerals FIG. 9 is a block diagram to show the configuration of an 

20, 30, and 40 denote extraction areas. The three extraction image processing system in a second embodiment of the 
areas are thus displayed, but window frames are only 20 invention. The image processing system of the second 

displayed and binarization display is not produced; the embodiment further includes extraction display color setting 

whole display image except the window frames is displayed devices 1<W, 14d, . . . provided in a one-u>one correspon- 

in the display color of the onginal image. dence with comparators 12, 12, ... in addition to first, 

FIG. 6 shows a display image applied when the normal second, and third display color setting devices 14a, 146, and 

™nS?0 ^ Y H i"? * figttrC ' 25 14c ** V \*y cota Jtiog device^ ' 

numerals 20, 30, and 40. denote extraction areas. Areas 21, . ~\ jL™*v* - , - Al _ 

31, and 41 made up of pixels of the lightness contained in ° D C ^° U «f"* *? ™*P«**>* 

the lightness ranges set for the extraction areas 20, 30, and ^ S " * ?° mbiner 13 xd6s daU mdlcatm g each P™ 1 

40 are displayed in white, and areas 22, 32, and 42 made up J? belonging to any extraction area to an image generator 

of pixels of the lightness out of the lightness ranges are 15 . sends each P«el belonging to an 

displayed in black. An area 23 made up of pixels belonging 30 exlractloa with the lightness of the original image being 

to the extraction areas 20 and 30 with the lightness of the out ° f lightness ranges set for all extraction areas 

original image being out of the lightness range set for the containing the pixel to the second display color setting 

extraction area 20 and contained in the HghtresR range set device 14b. It sends data indicating each pixel contained in 

for the extraction area 30 is displayed in gray. An area 50 not 10016 than oce lightness range to the third display color 

contained in any extraction areas is displayed in the display 36 setting device 14c and sends data indicating each pixel 

color of the original image. contained only in one lightness range to the extraction 

FIG. 7 shows a display image applied when the selective display color setting device 14d corresponding to the corn- 
bin arization display is selected. In FIG. 7, the extraction area parator 12 making a comparison with the lightness range. 
20 in FIG. 6 is selected as an extraction area whose In the extraction display color setting devices l4d, 
extraction result is displayed taking precedence over any 40 14d, like the first, second, and third display color setting 
other. For the pixels in the extraction area 20, no area is devices 14a, 146, and 14c, different extraction display colors 
displayed in gray and display is produced in white and black. are set based on control signals sent from a main controller 

In the first embodiment, the tightness value itself is used 4. 

as the value concerning the tightness value; however, the To set each extraction display color, an operation signal 

invention is not limited to this mode. A value provided by 45 concerning the extraction display color is received from an 

performing preprocessing for image improvement such as input unit 11 and is recorded in a volatile memory contained 

linear or nonlinear conversion processing or histogram flat- in a CPU 10 in relation to the corresponding extraction area; 

tering processing for the tightness vahic can be used. if the user skips setting of the extraction display color 

Further, in the first embodiment, the image processing through the input unit 11, a preset basic color is automati- 

system is formed of dedicated hardware; however, the 50 cally set as the extraction display color, 

invention is not limited to this form. The image processing By selecting a display method, data indicating each pixel 

system of the invention may be provided by reading a belonging to more than one extraction area with the light- 

coniputer program recorded on a recoro^ image being contained in the lightness ~ 

general-purpose computer. ranges set for all extraction areas containing the pixel can 

FIG. 8 is a schematic diagram to show a configuration 55 also be sent to the first display color setting device 14a for 

example for realizing the image processing system on a setting a first display color; this selection method is useful 

personal computer which is a general-purpose computer. In when a large number of extraction areas are set. 

the figure, an image processing system 60 using a personal Circuit components identical with or similar to those 

computer comprises external storage units 62 such as a - previously described with reference to FIG. I are denoted by 

flexible disk drive and a CD-ROM drive for reading the 60 the same reference numerals in FIG. 9 and will not be 

record contents of the invention (program code) from described again. 

recording media 70 such as a flexmle dusk and a CD-ROM Next, an image display method in the second embodiment 

recording therein a computer program PG for functioning as of the invention will be described with reference to FIGS. 10 

an image processing system. and 11 which are flowcharts to show the processing contents 

The image processing system 60 also contains a hard disk 65 of the image processing system, 

unit 61 for recording the program code of the computer In the second embodiment, an extraction area is set as an 

program PG read from the recording medium 70. area surrounding an extraction target at step S102 and 



03/03/2004, EAST Version: 1.4.1 



US 6,535,630 Bl 

13 ■ " 5 • 14 * ^ ' 

further a lightness range is set corresponding to the setup Further, instead of using dedicated hardware, the image 

extraction area at step S103, then an extraction display color processing system of the invention may be provided by 

is set corresponding to the extraction area at step S108. This reading a computer program recorded on a recording 

extraction display color may be set by the user through the medium into a general -purpose computer, 

input unit 11 or the preset basic color may be set as the 5 As described above in detail, with the image display 

extraction display color. method, the image processing system, and the recording 

The display color is set for each pixel based on the medium according to the invention, in pixels each belonging 
extraction area, the lightness range, and the extraction to a plurality of extraction areas, a pixel determined to have 
display color thus set. That is, whether or not a given pixel a value concerning the lightness value of the image con- 
belongs to an extraction area is determined at step S201. If taining the pixel being contained in all lightness ranges set 
it is determined that the pixel belongs to the extraction area for the extraction areas is displayed in the first display color, 
(YES at step S201), either or both of the upper limit a pixel determined to have a value concerning the lightness 
threshold values and lower limit threshold values of the value of the image containing the pixel being out of all 
lightness ranges set for all extraction areas to which the pixel lightness ranges set for the extraction areas is displayed in 
belongs are compared with the lightness of the original the second display color different from the first color, and a 
image of the pixel at step S2Q2. 15 pixel determined to have a value concerning the lightness 

If the lightness of the original image of the pixel is value of the image containing the pixel being contained in 

compared with the threshold values of the lightness ranges any lightness range and being out of any lightness range is 

and it is determined that the lightness of the original image displayed in the third display color different from the first 

is out of all lightness ranges (2 at step S202), the display and second display colors. 

color of the pixel is detennined to be the second display 20 Thus, for example, if a pixel which belongs to two 

color at step S205- extraction areas has a value concerning the lightness value 

At step S202, if it is determined that the lightness of the of the image containing the pixel contained in the lightness 

original image is contained in more than one lightness range ranges set for the two extraction areas, it is displayed in 

(3 at step S202), the display color of the pixel is determined white; if the pixel has a value concerning the lightness value 

to be the third display color at step S206. ^ of the image containing the pixel out of the lightness ranges 

At step S203, if it is determined that the lightness of the set for the two extraction areas, it is displayed in black; and 

original image is contained only in one lightness range (4 at if the pixel has a value concerning the lightness value of the 

step S2Q2), the display color of the pixel is detennined to be image containing the pixel contained in one lightness range 

the extraction display color corresponding to the extraction and out of the other lightness range, it is displayed in gray, 

area for wr^ the rightr^ss range is set at step S207. whereby the extraction results in the two extraction areas 

At step S201 ifitis determ^that t^eldoesnot can be grasped at a time; the invention provides the excellent 

belong to any extraction area (NO at step S201), the display advantage 

color of the pixel is determined to be the display color of the c J?7 * . - , 4 . , - 

original image at step S2<B. * Jj^'^t^ ^ ¥TL ™? 

Atstep&ifit^terrn^ Asp^ m the Aspby color of the original image contain- 
more than one extraction area and that the lightness of the * nig the pixel whereby the positional relationship between 
original image is contained in all lightness ranges (1 at step mc wbole and thc displayed in the 
S202), the display color of the pixel is deterrnined to be the extraction area can be grasped clearly; the invention pro- 
first display color at step S204 depending on the selected vides excellent advantage. 

display method. Also, an extraction display color to display a pixel 

Steps identical with or similar to those previously 40 extracted for each extraction area is set and each pixel 

described with reference to FIGS. 3 and 4 are denoted by the having a value concerning the lightness value of the image 

same step numerals in FIGS. 10 and 11 and will not be containing the pixel contained in the lightness range set for 

described again. extraction area is displayed in the extraction display color 

FIG. 12 is a schematic view to show a display image in corresponding to the extraction area, whereby which extrac- 

the image processing system in the second embodiment of 45 uon **** a P™* belonging to more than one extraction area 

the invention. It shows a display image provided by dis- ^ extracted based on the lightness range set for can be 

playing an original image similar to those shown in FIGS. 5 understood clearly and at a time; the invention provides the 

to 7 in the first embodiment by the display method in the excellent advantage, 

second embodiment In FIG. 12, reference numerals 20, 30, What f claimed is: 

and 40 denote extraction areas. Areas 21, 31, and 41 made 50 1- An image display method wherein to extract in pixels 
up of pixels of the lightness contained in the lightness ranges making up an image, a pixel having a value concerning a 
set in the extraction areas 20, 30, and 40 are displayed in the lightness value of the image contained in a lightness range 
extraction display colors set for the areas, and areas 22, 32, wim a value concerning a predetermined lightness value as , 
and 42 made up of pixels of the lightness out of me lightness a threshold value, a pixel having a value concerning the 
ranges are displayed in the second display color. 55 hgPtness value of the image contained in the lightness range 
An area 23 made up of pixels belonging to the extraction **** a P™* having a value concerning the lightness value out 
areas 20 and 30 with the lightness of the original image of me lightness range are displayed on a display unit in 
being contained only in the lightness range set for the different display colors, said image display method corn- 
extraction area 30 is displayed in the extraction display color prising the steps of: 

corresponding to the extraction area 30. An area 50 not 60 setting a plurality of extraction areas to which the pixels 

contained in any extraction areas is displayed in the display to be extracted in the image belong; 

color of the original image. setting lightness ranges in a one-to-one correspondence 

Also in the second embodiment, a value provided by with the setup extraction areas, each lightness range for 

performing preprocessing for image improvement for the extracting the pixels: in the corresponding extraction 

lightness value rather than the lightness itself may be used 65 area; 

as the value concerning the lightness value as in the first displaying each pixel belonging to one or more extraction 

embodiment areas with the value concerning the lightness value of 
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the image being contained in all lightness ranges set for 
the extraction areas in a first display color, 

displaying each pixel belonging to one or more extraction 
areas with the value concerning the lightness value of 
the image being out of all lightness ranges set for the 5 
extraction areas in a second display color different from 
the first display color; and 

displaying each pixel belonging to more than one extrac- 
tion area with the value concerning the lightness value 
of the image being contained in any of the lightness 10 
ranges set for the extraction areas and out of any of the 
lightness ranges in a third display color different from 
the first and second display colors. 

2. The image display method according to claim 1, further 
comprising the step of displaying each pixel not belonging 

to the extraction areas in a display color of the image. 15 

3. The image display method according to claim 2, 
wherein the display color of the image is a display color of 
an original image obtained by an image pickup machine. 

4. An image display method wherein to extract in pixels 
making up an image, a pixel having a value concerning a 20 
lightness value of the image contained in a lightness range 
with a value concerning a predetermined lightness value as 

a threshold value, a pixel having a value concerning the 
lightness value of the image contained in the lightness range 
and a pixel having a value concerning the lightness value out 25 
of the lightness range are displayed on a display unit in 
different display colors, said image display method com- 
prising the steps of: 
setting a plurality of extraction areas to which the pixels 

to be e x t r a ct ed in the image belong; jq 
setting tightness ranges in a one-to-one correspondence 

with the setup extraction areas, each lightness range for 

extracting the pixels in the corresponding extraction 

area; 

setting extraction display colors in a one-to-one cone- 35 
spondence with the setup extraction areas, each extrac- 
tion display color for displaying the pixels extracted in 
the corresponding extraction area; 
- displaying each pixel belonging to one or more extraction 
areas with the value concerning the lightness value of ^ 
the image being contained only in the lightness range 
set for one of the extraction areas in an extraction 
display color corresponding to the extraction area; 
displaying each pixel belonging to one or more extraction 
areas with the value concerning the lightness value of 45 
the image being out of all lightness ranges set for the 
extraction areas in a non-extraction display color dif- 
ferent from all extraction display colors; and 
displaying each pixel belonging to more than one extrac- 
tion area with the value concerning the tightness value 50 
of the image being contained in the lightness ranges set 
tor two or more of the extraction areas in a common 

extraction display- color different from aft extraction 

display colors and the non-extraction display color 
5. An image processing system wherein to extract in 55 
pixels making up an image, a pixel having a value concern- 
ing a lightness value of the image contained in a lightness 
range with a value concerning a predetermined lightness 
value as a threshold value, a pixel having a value concerning 
the lightness value of the image contained in the lightness 60 
range and a pixel having a value concerning the tightness 
value out of the l i g h tn ess range are displayed on a display 
unit in different display colors, said image processing system 
comprising: 

means for accepting setting of a plurality of extraction 65 
areas to which the pixels to be extracted in the image 
belong; 
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means for accepting setting of lightness ranges in a 
one-to-one correspondence with the setup extraction 
areas to extract the pixels from the corresponding 
extraction area; 
means for displaying each pixel belonging to one or more 
extraction areas with the value concerning the lightness 
value of the image being contained in all lightness 
ranges set for the extraction areas on the display unit in 
a first display color; 
means for displaying each pixel belonging to one or more 
extraction areas with the value concerning the lightness 
value of the image being out of all lightness ranges set 
for the extraction areas on the display unit in a second 
display color different from the first display color; and 
means for displaying each pixel belonging to more than 
one extraction area with the value concerning the 
lightness value of the image being contained in any of 
the lightness ranges set for the extraction areas and out 
of any of the lightness ranges on the display unit in a 
third display color different from the first and second 
display colors. 

6. The image processing system according to claim 5, 
further comprising means for displaying each pixel not 
belonging to the extraction areas on the display unit in a 
display color of the image. 

7. The image processing system according to claim 6, 
wherein the display color of the image is a display color of 
an original image obtained by an image pickup machine. 

8. An image processing system wherein to extract in 
pixels making up an image, a pixel having a value concern- 
ing a lightness value of the image contained in a lightness 
range with a value concerning a predetermined lightness 
value as a threshold value, a pixel having a value concerning 
me lightness value of the image contained in the lightness 
range and a pixel having a value concerning the lightness 
value out of the tightness range are displayed on a display 
unit in different display colors, said image processing system 
comprising: , t . 

means for accepting setting of a plurality of extraction 
areas to which the pixels to be extracted in the image 
belong; 

means for accepting setting of lightness ranges in a 
one-to-one correspondence with the setup extraction 
areas to extract the pixels from the corresponding 
extraction area; 

means for accepting setting of extraction display colors in 
a one-to-one correspondence with the setup extraction 
areas to display the pixels extracted in the correspond- 
ing extraction area; 

means for displaying each pixel belonging to one or more 
extraction areas with the value concerning the lightness 
. value of the image being contained only u>the lightness 
range set for one of the extraction areas on the display 
unit in an extraction display color corresponding to the 
extraction area; 

means for displaying each pixel belonging to one or more 
extraction areas with the value concerning the lightness 
value of the image being out of all lightness ranges set 
for the extraction areas on the display unit in a non- 
extraction display color different from all extraction 
display colors; and 

means for displaying each pixel belonging to more than 
one extraction area with the value concerning the 
lightness value of the image being contained in the 
lightness ranges set for two or more of the extraction 
areas on the display unit in a common extraction 
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display color different from all extraction display colors 
and the non-extraction display color. 

9. An image processing system wherein to extract in 
pixels making up an image, a pixel having a value concern- 
ing a lightness value of the image contained in a lightness 
range with a value concerning a predetermined lightness 
value as a threshold value, a pixel having a value concerning 
the lightness value of the image contained in the lightness 
range and a pixel having a value concerning the lightness 
value out of the lightness range are displayed on a display 
unit in different display colors, said image processing system 
comprising: 

means for accepting setting of a plurality of extraction 
areas to which the pixels to be extracted in the image 
belong; 

means for accepting setting of lightness ranges in a 
one-to-one correspondence with the setup extraction 
areas to extract the pixels from the corresponding 
extraction area; 

determination: means for determining whether or not a 
pixel belongs to any extraction area; 

comparison means, if said determination means deter- 
mines that the pixel belongs to any extraction area, for 
comparing the value concerning the lightness value of 25 
the image of the pixel with a threshold value of the 
lightness range corresponding to each extraction area to 
which the pixel belongs; 

means for displaying the pixel on the display unit in a first 
display color if said comparison means determines that 30 
the value concerning the lightness value of the image of 
the pixel is contained in all lightness ranges; 

means for displaying the pixel on the display unit in a 
second display color different from the first display 
color if said comparison means determines that the 35 
value concerning the lightness value of the image of the 
pixel is out of all lightness ranges; and 
. means for. displaying- the pixel on the display unit in a - 
third display color different from the first and second 
display colors if said comparison means determines 40 
that the value concerning the lightness value of the 
image of the pixel is contained in any tightness range 
and is out of any lightness range. 

10. A computer-readable recording medium recording 
therein a computer program for causing a computer to 
determine a display color of an image, to extract in pixels 
making up the image, a pixel having a value concerning a 
lightness value of the image contained in a lightness range 
with a value concerning a predetermined lightness value as 
a threshold value, for displaying a pixel having a value 
concerning the lightness value of the image contained in the 
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lightness range and a pixel having a value concerning the 
lightness value out of the lightness range on a display unit 
in different display colors, said computer program compris- 
ing: 

first program code means for causing the computer to 
accept setting of a plurality of extraction areas to which 
the pixels to be extracted in the image belong; 

second program code means for causing the computer to 
accept setting of lightness ranges in a one-to-one cor- 
respondence with the setup extraction areas to extract 
the pixels from the corresponding extraction area; 

third program code means for causing the computer to 
determine whether or not a pixel belongs to any extrac- 
tion area; 

fourth program code means, if it is determined that the 
pixel belongs to any extraction area, for causing the 
computer to compare the value concerning the lightness 
value of the image of the pixel with a threshold value 
of the lightness range corresponding to each extraction 
area to which the pixel belongs; 

fifth program code means for causing the computer to 
determine the display color of the pixel to be a first 
display color if it is determined that the value concern- 
ing the lightness value of the image of the pixel is 
contained in all lightness ranges as a result of compar- 
ing the value concerning the lightness value of the 
image of the pixel with the threshold value of the 
lightness range corresponding to each extraction area to 
which the pixel belongs; 

sixth program code means for causing the computer to 
determine the display color of the pixel to be a second 
display color different from the first display color if it 
is determined that the value concerning the lightness 
value of the image of the pixel is out of aU lightness 
ranges as a result of comparing the value concerning 
the lightness value of the image of the pixel with the 
. threshold value of the lightness range corresponding to„. 
each extraction area to which the pixel belongs; and 

seventh program code means for causing the computer to 
determine the display color of the pixel to be a third 
display color different from the first and second display 
colors if it is determined that the value concerning the 
lightness value of the image of the pixel is contained in 
any lightness range and is out of any lightness range as 
a result of comparing the value concerning the lightness 
value of the image of the pixel with the threshold value 
of the lightness range corresponding to each extraction 
area to which the pixel belongs. 



